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Introiu-t ion. 

The  Dbject  of  tii?  thesis  is  t:  show  oy  a 
sories  of  exoei'i  nenls,  based  on  he-T^t  conduction 
IhrDugh  insulating  Tiatenals,  ho'v  tae  heat  trans- 
mission actually  varies  -.vith  the  increase  in  the 
thickne-^s  of  the  material, 

Sone  exoeriments  have  been  carried  on  along 
this  line  by  technical  institutions  anl  by  the 
manufacturing  associations,  but  results  obtained 
were  not  satisfactory,  therefore  it  has  been 
ass'Kued  thit  the  heat  trahsmiscion  varies  inver-^ely 
with  the  thickness  of  the  i-aaterial. 

It  is  oruoli^^ally  iinpossibie  to  obtain  a 
material  which  '.'/ill  ansv;er  for  all  inaterials  and 
to  eliminate  all  error. 

In  this  case  the  .naterial  under  test  is  kno^'Ti 
as  a  fr^iction  board,  v/hich  has  very  small  variation 
in  thickness,  is  homogeneous  and  gives  good  surface 
contact. 

As  these  exoeriments  'vere  con:iucted  at  "'00'^  P.  , 
inlet  tenperature  and  this  tetmeral^ure  wa<5  kept 
constant  through  ut  the  entire  operation,  it  is 


t'lsrefor'e   necees-^cy   to   describe   the    '^  i  )cir4ita3    x'^'-i 
%.\\    t,  13    ^iiT-an-ie  r.eaL    as    veil. 

Trie    sjioly  water  was   keot   in   a   tank   ?^    i^r-hpp: 
hi~h   and   15   inohe'^;    inrlde   dia-'-eter.      The   ^Ta+f^r  vpr- 
heated   by   means    of   a   -nulti'^le    jet   burner'.       A   r^'m.l  1 
centrifugal    pump,    driven   by   an   electric  -^otor, 
pvimped   the   water   from   the    sunoly   tank    into    the    lovrer 
chamber  of   the   Voorhe^s    ar^^aratus   -^.ni    then   retui-ned 
it    to   the   tank  with  very    small    loss   of  heat. 


Ths  anparatus  used  in  t'lis  exDeriiient  is 
knov/n  ar^  the  Voorhees  aopar-x*us  ani  ip  r.ho'.'.Ti  in 
detail  ir  the  aco-na-nyin^;  irawin.-. 

it  conBistn  of  two  "oarts;  the  lower  nart, 
in  which  water  circulates,  an:l  the  unpen  -iar+ , 
where  the  ice  is  kept.   The  u^">oer  oart  is 
divilei  into  two  cha'nbers,  inner  and  outer.  i\\& 
inner  chamber  is  10-1/2  in^-hes  high  and  7  inches 
in  diameter.   ii,  is  Tillsd  witii  one  sjlid,  roand 
piece  of  distilled  ice.   The  outside  cha'nber  is 
I5-I/2  inches  high  and  1'^  inches  in  dianeter. 
It  is  filled  v;ith  small  chunks  of  ice  surr-mnding 
the  inner  chaT.ber,  which  is  kent  at  a  constant 
temperature  of  32'  F. 

The  speclnen  under  test  is  placed  bet'veen 
the  uoper  and  lower  parts  of  the  Voorhess  a^^paratus, 
one  side  of  ths  specimen  being  in  contact  with  the 
uoper  part  of  the  apparatus,  which  has  a  constant 
temperature,  md  the  other  side  in  contact  with 
the  lov/er  part  of  the  a  paratus  whi':'h  has  a 
temperature  of  100'^  F.  ,    the  temn'=rature  of  '.'.'^lich 
is  also  kept  constant. 


As  will  readily  be  -een  in  the  drgv.nng, 
the  only  source  of  heat  to  the  inner  bl~ck  of 
ice  is  theough  the  test  F.pf^cimen.   The  e'^fertlve 
area  of  transr^issT  on  is  that  directly  beneath 
the  inner  ver^cel.   r/ieltage  from  the  crushed  ice 
is  discharged  to  waste.   The  aislt-^re  of  the  oure 
distilled  ice  is  carefully  weighed  to  one 
thousandth  of  a  pound. 

The  heat  trans-^ission  through  the  edges 
of  the  -material  do  not  effect  the  inner  block 
of  ice  because  the  surface  in  -contact  with  the 
inner  chamber  is  only  one-fourth  that  of  the 
total  area  of  the  soecirnen. 

In  the  Voorhees  machine  we  have  heat  trans- 
:r.ission  purely  by  conduction.   There  are  no 
radiation  losses.   Therefore  we  have  only  com- 
parative results  of  the  materials  inder  test. 


Details   of  A^^ paratus. 

A   -  Distilled   ice. 

B    -  Inner    ch.anfiber. 

G    -  Crashed    ice. 

D   -  Insul'^tion. 

E  -  Testing  speci.Tien. 

G  -  Cooper  plate. 

H  -  Girciilating  v;ater. 

I  -  Insulation. 

J  -  Thermometer  for  inlet  ^vater. 

K  -  Bolts. 

L  -  Pipe   for    -outlet   water. 

M   -  Therrnometer   for   outlet   "rater. 
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PHOTOGRAPH    SHO'VING   FULL    ARRAI.'GLKEr^T   OF 
APPARATUS. 


Weights, 

The  v.'eights  ''/ere  como-arei  with  staniard 
weights  on  a  che.Tiical  balance.   The  ercoc^   given 
below  show  that  none  of  the  weights  v;ere  in  error 
more  than  2/100  of  one  ner  cent. 

The  thf'rn.ometers  .vere  also  caliOrated  in  an 

oil  bath,  using  a  standard  thermometer  calibrated 

at  the  'Jnitei  States  Bureau  of  Standards. 

50/1000      shouli  weigh   22,680  gnms 

\7eight  obtained  ^2.623  gr3ms 
error,  .052  grains, 

or  0.00011  of  a  pound, 
#1 

100/1000  should  weigh  45.3600  grams 
wei2:ht  obtained  45.?072  ^ra'^s 
error,  .0523  grants, 

or  0.000116  of  a  pound. 


100/1000  should  weigh  45.3600  grams 
v/eight  obtained  45,3000  grams 
error,  .0510  graTis, 

or  0.000112  of  a  pound. 

200/1000  should  v;eigh  90,72  grams 
v/eight  obtained  90.60  grams 
error,  ,07  gram, 

or  0.00006  of  a  pound. 

500/1000.  shouli  v/eigh  226.80  grams 
weight  obtained  226.63  grams 
error,  .12  grajp. , 

or  0.00026  of  a  oound. 


Two  therraoiTieter?:  were  u?ed  in  connection 
with  this  aop^^r-T-t.us.   Mo.  1  for  inlet  water,  and 
No.  2  for  outlet  water. 

As  C071  oared  v;ith  the  standard  ther-^.  "':net  er  they 
showed  as  follov:s: 

Dei^g.  F. 
Standard  -----   lOO 

No.  1  - 90 

No.  2   ------   100 

So  the  difference  betv.'een  thermometer  No.  1 
anl  No.  2  is  one  decree. 
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Thlckne3s  and  Density  of  Snecimens. 


Thickness  '.V 

Sample    .Veight    Average     Volume  !3enr.-.i'-y  - 

Number    Pounds    Tnciies     Qj.*    Inches  V 


1 

l.lc^ 

0.212 

32.0544 

0.0371 

2 

1.15 

0.211 

7^1,017:0 

0.0351 

3 

1.15 

0.209 

31.6008 

0.0359 

4 

1.16 

0.210 

31.7520 

0.0366 

5 

1.23 

0.215 

32.2050 

0.0382 

6 

1.22 

0.213 

32.2056 

0.0380 

7 

1.26 

0.216 

32.5592 

0.'1386 

8 

1.19 

0.214 

32.3563 

0.0368 

9 

1.25 

0.215 

32.5030 

0.0" P4 

10 

1.21 

0.211 

31 . 9032 

0.0380 

11 

1.21 

0.213 

32.2056 

0.0370 

12 

1.18 

0.211 

31.^032 

0.0370 

13 

1.22 

0.212 

32.0544 

0.0.''71 

14 

1.19 

0.212 

32.0544 

0.0371 

15 

1.19 

0.212 

32.35U 

0.0371 

11. 


Six  runs  v;ere  made  ani  six  dirfer^nt 
combinrations.   AL  each  run  the  number  of 
specimens  was  increased. 

Run Nu'T.ber  of  Soecine'". Thickness 

1  Nos.     1,  2  0.4'^5 

2  Nos.     1,  2,  3,  4,         0.342 

3  Nos.     1,  2,  3,  4,  5,  5,    1.26S 

4  Nos.     1,  2,  3,  4,  5,  o, 

7,  3,  9,  1.913 

5  Nos.     1,  2,  3,  4,  5,  6, 

7,  3,  9,  10,  li, 

12,  2.543 

6  Nos.     1,2,3,4,5,6, 

7,  3,  9,  IC,  11, 

12,  13,  14,  15,      3.134 


Curve  No.  1  shov/s  the  heat  transmit  si  on 
for  each  t;aickn;-ss  of  soeciiTien  used,  ranging 
from  about  2  3.  t.u.  for  thickness  of  0.4:32  inch 
to  about  3  B.  t.  u.  for  3.134  inch.   As  sho.vn  by 
the  curve  the  heat  iropoed  considerably  with  the 
fir^t  and  second  increa~e  of  thickness,  but  from 
there  on  It  becaae  less  and  less. 


\2, 


The  second  curve  shows  that  as  the  thlckners 
incx-eases  the  3.t.  u.  per  inch  increases  in  the  form 
of  a  curve  concave  up'.vard  instead  of  a  straight 
line  as  it  :vas  thorv^ht.   This  iisoroves  the  old  law. 
This  car^e  wa?  obtai:ied  as  follows: 
Assuming  that  the  heat  transmission  is  in- 
versely proport'onal  to  the  thic'-cness,  the  'joints 
were  obtained  by  taking  each  point  in  the  first 
curve  and  multiolying  the  B. t.u.  by  the  thickness 
of  the  specimen,  v/hich  gave  the  heat  transmission 
in  3.  t»u.  per  inch  of  thickness.   These  points 
were  used  as  ordinates  and  the  different  thicknesses 

as  abscissas. 

B,t«u.  Per 
Thickness        3.  t.u.      Inch  of 

Thickness. 


3.1?3 

2.2 

0.9306 

0.342 

1.71 

1.43011 

1.?.68 

1.48 

1.37664 

I.JIS 

1.19 

2.2764 

2.548 

1.08 

2.7513 

3.184 

0.335 

2.3178 
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No  runs  were  made  until  all  conditions  'v^re 
maintained  constant.   '^ure  11  stilled  ?/ater  ice  'vaB 
used  in  both  the  inner  ani  the  outer  vesrels.  The 
te -.perature  of  t  ^:e  circulriting  'vatsr  v.'as  Rent  jurt 
at  100°  F.  during  the  entire  test. 

Sample  Computations  of  3ne  Run. 

Temperature  of  r:9lting  ice,  ?2  P. 

Teiperatur.''  lifference  oet'veen  siies  of 
specimen  =  Average  temperature  of  circulating 
water,  minus  72  F. 

Liatert  heat  of  pure  list!  lied  ice  i  r-i  44  3.  t.u. 

The  area  of  the  ?:oecimen  wap  mea'-ured  in  square 
feet.  This  area  was  taken  as  the  area  of  the  inride 
vessel  incluiing  the  tiickness  of  the  coooer. 

Latent  heat  of  ice  X  wt.  of  ice  melted  per  hour  in  oouni; 
Area  of  specimen  in  square  feet  X  temperature  difference 

=  3.  t.u.  per  thickness  of  specimen. 
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